Tn5-derived mutants of the -hexachlorocyclohexane-degrading bacterium Sphingomonas paucimobilis UT26 were genetically characterized, and an endogenous insertion sequence (IS) which belongs to the IS1380 family was identified. The IS, named ISsp1, existed as multi copies in UT26, and its transposition appeared to be activated during the process of Tn5-mutagenesis. It was found that transposon mutagenesis can cause endogenous mutations.
Tn5-derived mutants of the -hexachlorocyclohexane-degrading bacterium Sphingomonas paucimobilis UT26 were genetically characterized, and an endogenous insertion sequence (IS) which belongs to the IS1380 family was identified. The IS, named ISsp1, existed as multi copies in UT26, and its transposition appeared to be activated during the process of Tn5-mutagenesis. It was found that transposon mutagenesis can cause endogenous mutations.
Key words: biodegradation; insertion sequence; Tn5 mutagenesis; Sphingomonas; -hexachlorocyclohexane -Hexachlorocyclohexane (-HCH, also called -BHC or lindane) is a haloorganic insecticide that has been used worldwide. Sphingomonas paucimobilis UT26 utilizes -HCH as its sole source of carbon and energy. In our previous studies, we isolated and characterized six genes (linA, linB, linC, linD, linE, and linR) that are involved in the degradation of -HCH in UT26 [1] [2] [3] [4] [5] [6] (Fig. 1 ). In the upstream pathway, -HCH is degraded to 2,5-dichlorohydroquinone (2,5-DCHQ) by LinA, LinB, and LinC. In the downstream pathway, 2,5-DCHQ is further degraded by glutathione-dependent 2,5-DCHQ reductive dehalogenase, LinD, 4) and chlorohydroquinone 1,2-dioxygenase, LinE.
5) The linD and linE genes are located close to each other, and their transcription is regulated by a LysR-type transcriptional activator, LinR. 6) Independently of cloning the linD, linE, and linR genes, we have isolated three Tn5-derived mutants, UT102, UT103, and UT116, defective in the 2,5-DCHQ degradation. 7) Each of the mutants showed a different phenotype related to the degradation activities toward 2,5-DCHQ and hydroquinone. UT102 showed only faint but constitutive degradation activities toward 2,5-DCHQ and HQ. UT103 inducibly degraded HQ as UT26, but not 2,5-DCHQ at all. UT116 lost all degradation activities toward both 2,5-DCHQ and HQ. Since all of these three mutants have one copy of the Tn5 insertion, we cloned the DNA regions of them into which Tn5 are inserted, and also cloned the corresponding regions of UT26, which have no Tn5 insertion. It was found that the cloned DNA regions of UT26 into which Tn5 were inserted in UT102, UT103, and UT116 did not link each other, and that they did not confer the degradation activity of 2,5-DCHQ or of HQ on E. coli strains or Pseudomonas putida PpY101 (unpublished data). These results suggest that the phenotypes of these mutants are not caused by the Tn5 insertion. In this study, we analyzed the linRED region of the Tn5-derived mutants, and identified the endogenous insertion sequence of UT26.
In a previous study, it was found that UT102 and UT103 have some rearrangements in the DNA region containing the linD gene, and that UT116 lacks the entire linD gene. 4) For further analysis, Southern blot analyses were performed toward SacI-digested total DNAs of UT26, UT102, UT103, and UT116 using DNA fragments containing linD or its flanking regions as a probe. Detection was performed using the ECL (enhanced chemiluminescence) gene detection system (Amersham, Arlington Heights, Il, U.S.A.) according to the protocol provided. It was found that UT102 and UT103 have an unknown insertion in the 5.9-kb and 3-kb SacI regions respectively (Fig. 2) . UT116 was shown to lack at least the 10-kb region we investigated (Fig. 2) . The 7.5-kb and 4.6-kb SacI fragments containing the insertion were cloned from UT102 and UT103 respectively, and their sequences were determined by the dideoxy-chain termination method with an LI-COR model 4000L DNA sequencing system (LI-COR, Lin- Compounds: 1, -hexachlorocyclohexane (-HCH, -BHC); 2, -pentachlorocyclohexene; 3, 1,3,4,6-tetrachloro-1,4-cyclohexadiene; 4, 1,2,4-trichlorobenzene; 5, 2,4,5-trichloro-2,5-cyclohexadiene-1-ol; 6, 2,5-dichlorophenol; 7, 2,5-dichloro-2,5-cyclohexadiene-1,4-diol; 8, 2,5-dichlorohydroquinone (2,5-DCHQ); 9, chlorohydroquinone; 10, hydroquinone; 11, acylchloride; 12, -hydroxymuconic semialdehyde; 13, maleylacetate; 14, -ketoadipate. coln, NB, U.S.A.). It was found that UT102 and UT103 have an identical insertion sequence in linR and linD respectively (Fig. 2) . The nucleotide sequence of the insertion sequence consists of 1,646 bp, and has been registered in DDBJ under accession no. AB021963. The insertion sequence carried a 16-bp inverted repeat at its internal junctions (5 0 -CCCGCCTTATTCACCA-3 0 and 5 0 -CCTCTCTTATTCACGA-3 0 ). The target sequences of UT102 and UT103 were TTAA and CTAA respectively, and they were duplicated at external junctions in these mutants. A putative ORF encoding 456 amino acid residues was found in this insertion sequence. The direction of this ORF is opposite to those of linR and linD in UT102 and UT103 respectively (Fig. 2) . Since the putative protein product of this ORF showed high similarity with putative transposases categorized in the IS1380 family, 8) we designated this insertion sequence ISsp1. Transposases which showed high similarity with that of ISsp1 are as follows: transposases of IS1412 from Sphingomonas sp. strain CFO6 9) (96% identity at the amino acid level), the IS element from Delftia acidovorans Pa4 10) (39%), the IS element from Thiocapsa roseopersicina 11) (39%), and IS1380 from Acetobacter pasteurianus 12) (35%). The transposase of ISsp1 did not show similarity with TnpA of Tn5, which belongs to the IS50 family.
To investigate the copy number of ISsp1 in the genome of UT26 and its mutants, Southern blot analysis was performed towards the total DNAs of UT26, UT102, UT103, and UT116 digested with BamHI. UT26 and UT116 were found to have at least two copies of ISsp1, while UT102 and UT103 appeared to have at least three copies of it (Fig. 3) .
IS elements are considered to be involved in the rearrangement of microbial genome structures, 8) and the expressions of genes are often changed by transposition of them. IS1380 from the acetic acid bacterium A. pasteurianus causes a loss of ethanol oxidation activity by insertion into the cytochrome c gene. 12) IS1427, which also belongs to the IS1380 family, from the 1,2-dibromoethane-degrading bacterium Xanthobacter autotrophicus GJ10, confers monobromoacetate resistance on it by insertion to a site proximal to dhlB encoding a haloacid dehalogenase, resulting in overexpression and mobilization to a plasmid of dhlB.
13)
Some genes for the degradation of aromatic compounds are located between IS elements, and it is considered that such IS elements are involved in the transfer of those genes. 14) To investigate whether ISsp1 is located near the linRED region in UT26, we performed polymerase chain reaction by Ex Taq polymerase (Takara, Kyoto, Japan) using six linD-containing cosmid clones, 4) each of which contains a 20 to 30 kb fragment, as templates. The primers used were 103A (5 0 -CAGG-CGCAAGGTGGTAAACT-3 0 ) and 103B (5 0 -CTGCG-TGCCCGTGTGTTCGC-3 0 ), which can amplify approximately 1.0-kb region in ISsp1. The amplified DNA band was not observed (data not shown), suggesting that ISsp1 is not located near the linRED region in UT26.
Mutation and deletion caused by endogenous ISsp1 seems to be induced by the process of Tn5 mutagenesis. Although we did not perform quantitative analysis for the frequency of endogenous mutation caused by Tn5 mutagenesis, the frequency appears to be relatively high, because all of the three mutants defective in 2,5-DCHQ degradation that we isolated were not Tn5 mutants but endogenous mutants. Perhaps transposon mutagenesis can cause endogenous mutations at relatively high rate. A similar phenomenon has been reported in the case of S. paucimobilis CFO6. 15) This strain degrades carbofuran and has at least six different IS elements including IS1412, which shows significant similarity to ISsp1. The introduction of Tn5 into CFO6 caused deletions, insertions, losses of plasmids, and rearrangements within plasmids. The mechanism of this phenomenon is of interest, but remains unclear.
Since each phenotype of UT102, UT103, and UT116 can be explained by insertions of ISsp1 and deletion, they are available for further study as the linR-mutant, the linD-mutant, and the linRED operon deletion mutant respectively. For example, UT116 can be transformed to be able to grow on minimal medium containing -HCH as sole source of carbon by the introduction of the cosmid containing the linRED operon. Our next interest is to investigate the localization of ISsp1 in the UT26 genome and to examine the possibility that ISsp1 participated in the acquisition of the -HCH degradation activity of UT26. Recently, Dogra et al. identified IS6100, which belongs to the IS6 family, near the lin genes in -HCH degrading S. paucimobilis strains, and suggested that IS6100 has played a role in shaping the current lin gene organization in S. paucimobilis strains.
16) The existence and localization of the IS6100-like insertion sequence in UT26 is also of interest to us. and Its Mutants Probed with ISsp1. Lanes 1-4, total DNAs of UT26, UT102, UT103, and UT116, digested with BamHI. The PCR-amplified 1.0-kb fragment using the primers 103A and 103B was used as a probe.
